Pairing symmetry is a fundamental property that characterizes a superconductor. For the iron-based high-temperature superconductors 1,2
The intensity was integrated over a window of (E F − 15 meV, E F + 15 meV). The Fermi surfaces for the δ band are shown by the dashed circles. The spectral weight at the zone centre comes from the κ band. If not specified otherwise, the data in this figure and hereafter were taken with 21.2 eV photons from an in-house helium discharge lamp.
received the most attention 6, 7, [9] [10] [11] 24, 25 . In particular, in the weak coupling approach, it was suggested that the superconductivity could be boosted by nesting or hopping between the electronlike Fermi pockets near the zone corner and the hole-like Fermi pockets near the zone centre 4 , and that the sign change of the superconducting order parameters between the hole and electron Fermi surfaces stems from the inter-pocket scattering 12 . Moreover, the gap symmetry and gap anisotropy (for example the appearance of nodes) are sensitive to the presence of a particular Fermi surface and the interactions between the bands [16] [17] [18] 26 . When the interband scattering is absent, the superconductivity is predicted to be weak, and the intraband scattering should result in a dwave gap 19 , which explains the nodal gap in the low-T c KFe 2 As 2 . However, in the strong coupling approach, the superconducting pairing is dominated by the intra-orbital pairing and is relatively robust against the change of band structures 13, 20, 21 . The dominating pairing symmetry is an A 1g s-wave. Therefore, to study whether interband (or inter-pocket) scattering is essential for the iron-based superconductors, a straightforward way is to study a system that has only electron or hole Fermi surfaces and high T c so that the momentum distribution of its superconducting gap can be directly measured by photoemission.
Recently, a new series of iron-based superconductors, A x Fe 2 Se 2 (A = K, Cs), has been discovered with relatively high transition temperatures of ∼30 K (refs [27] [28] [29] [30] . Judging from their chemical formulae, these compounds should be the most heavily electrondoped among the iron-based superconductors, thus the hole Fermi surfaces are possibly absent. Therefore, it provides an opportunity to examine the common aspects of the electronic structure and pairing mechanism of the iron-based superconductors on a compound with only electron pockets.
We have performed angle-resolved photoemission spectroscopy (ARPES) experiments on A 0.8 Fe 2 Se 2 (A = K,Cs) (details are in the Methods section). Figure 1 shows the photoemission intensity maps at the Fermi energy (E F ) for Cs 0.8 Fe 2 Se 2 and K 0.8 Fe 2 Se 2 . The Fermi surface topology is similar in both systems. There is an electron-like Fermi pocket surrounding the zone corner, and some spectral weight is located at the zone centre.
The sizes of the electron pockets are about the same for both K and Cs compounds, and their band structures are very much alike as well. Figure 2 further reveals the band structure of K 0.8 Fe 2 Se 2 . Around the zone centre (Fig. 2a,b) , there is a small electron-like feature, the κ band. The spectral weight of this band is rather weak, indicating that it might be the tail of a particular band slightly above E F . This is consistent with a recent band structure calculation that shows an electron pocket near the zone centre for K x Fe 2 Se 2 at a particular doping 31 . At −0.1 eV and below, the fast dispersive features are most probably the α and β bands that form the hole-like pockets in Fe(Te, Se) (ref. 32 ) and iron pnictides. Moreover, the ω band is observed around 0.35 eV below E F near , and a similar band is observed in iron pnictides and known to be constructed of d z2 orbitals 24 . Around the zone corner (Fig. 2c,d ), an electron-like band, δ, is observed together with the β band from the zone centre. Theoretically, two electron-like bands around M have been predicted for K 0.8 Fe 2 Se 31 2 , just like for the iron pnictides. However, in certain experimental geometries, often only one electron-like band is observed due to the matrix element of the 3d orbitals 24 . It is also predicted that the Fermi crossings of these two bands are almost degenerate, and that the bottom of the other electron-like band should coincide with the β band at M (refs. 24,31) . In general, the bands around resemble those observed in Fe(Te, Se) and iron pnictides, except that here the chemical potential is shifted up via electron doping. Take BaFe 1.85 Co 0.15 As 2 for comparison; although it is optimally electron-doped, with a T c of about 25 K, there are still several hole-like pockets around the zone centre 24 . Moreover, the binding energy of the ω band near is about 200 meV larger in K 0.8 Fe 2 Se 2 than in BaFe 1.85 Co 0.15 As 2 because of the higher electron doping in the former compound. However, it is interesting to note that the δ band around M is rather flat and shallow in K 0.8 Fe 2 Se 2 , indicative of a non-rigid band behaviour.
To fully reveal the Fermi surface topology, more detailed outof-plane momentum (k z ) dependence studies have been conducted on K 0.8 Fe 2 Se 2 at various photon energies, and the resulting photoemission intensity map in the ZAM plane is shown in High Low The cross-sections of the κ and δ Fermi surfaces clearly show weak variation along the k z direction, indicative of a rather two-dimensional electronic structure. The photoemission intensity along several cuts across the -Z line shows that the spectral weight of κ increases from to Z, and a small electron pocket can be clearly observed for the κ band around Z (Fig. 3b) . This gives an electron pocket around Z, with its residual spectral weight extending towards , which is captured qualitatively by band structure calculations as either an electron pocket around Z or an hour-glass-shaped electron cylinder surrounding -Z depending on the electron concentration 31, 33 , except that the measured warping with k z is weaker than the calculated one. However, we emphasize that the size of the κ pocket is much smaller than that of the δ pocket, which is rather independent of k z , as substantiated in Fig. 3c . Furthermore, the experimental Fermi surface topology clearly shows that A 0.8 Fe 2 Se 2 is indeed the most heavily electron-doped iron-based superconductor by far.
To study the superconducting gap of K 0.8 Fe 2 Se 2 , high-resolution data taken above and below T c along the cut #2 are compared in Fig. 4 . As shown in Fig. 4a , there is no gap at E F near the Fermi momentum in the normal state, whereas a clear gap shows up at low temperatures in the superconducting state. The temperature dependence of the spectrum illustrates that the spectral weight near the Fermi energy is depleted and a coherent peak feature grows with decreasing temperature (Fig. 4b) . One can clearly identify a leading edge gap of 4 meV at 10 K. Taking the coherent peak position as the superconducting gap, we find it to be ∼10.3 meV, that is, ∼4k B T c . This ratio between gap and T c falls into the same regime as other iron-based superconductors [3] [4] [5] . The symmetrized spectra in Fig. 4c further indicate that the gap disappears when the temperature is above T c . We note that the spectra are integrated over a small region around the normal state Fermi momentum to compensate the relatively weak signal, but the estimated gap amplitude should not be affected much, as the gap feature in this region is rather flat (Fig. 4a) .
By examining the symmetrized spectra in the superconducting state at various Fermi crossings of both the κ and δ bands, the momentum distribution of superconducting gap is deduced in Fig. 5 . For both K and Cs compounds, the gap of the δ band around the M point is of the isotropic s-wave type within the experimental uncertainty, which averagely is about 10.3 meV. For K 0.8 Fe 2 Se 2 , further data taken with different photon energies in Fig. 5e indicate such a gap does not vary with the out-of-plane momentum k z . Similarly, the gap of the κ band shows little k z -dependence, which is always about 7 meV either along the -Z line for the residual spectral weight, or at its Fermi crossings around Z (Fig. 5f ). The smaller gap at than those around M certainly violates the simple gap function of cos(k x )cos(k y ) for the s ± -wave order parameter, and indicates the gaps may be orbital dependent. Moreover, as the Fermi surface size and spectral weight of the κ band are minimal, its contribution to the superconductivity would be rather negligible with such a small gap. Therefore, the inter-pocket scattering previously suggested cannot be the essential driving force of the superconductivity.
Our data show that the rather robust superconductivity in such a highly electron-doped iron-based superconductor could mainly rely on the electron Fermi surfaces near M. Consistently, the absence of hole Fermi surfaces in K 0.8 Fe 1.7 Se 2 has recently been reported by another group 34 simultaneously with this work. The rather unique electronic structure in A 0.8 Fe 2 Se 2 (A = K, Cs) further highlights the diversity of the iron-based superconductors, and suggests that the superconductivity is very robust against the change of Fermi surfaces. Our data also demonstrate that the interband hopping might not be so substantial as previous data has suggested. Thus, the promising candidate, the so called s ± wave pairing characterized by the sign change of the superconducting order parameters between electron and hole pockets, may not be a proper description of the superconducting state in A x Fe 2 Se 2 . Instead, the more conventional s-wave type may be a more proper and general description for the iron-based superconductors. Our result can also be viewed as support to the picture derived from the strong coupling approach based on the dominating next nearest neighbour antiferromagnetic exchange coupling of irons, where an A 1g s-wave is always the winner, no matter whether the hole pockets are present or not 13, 20, 21 .
Methods
A 0.8 Fe 2 Se 2 (A = K,Cs, nominal composition) single crystals were synthesized by the self-flux method as described elsewhere in detail 30 . They show flat shiny surfaces with a dark black colour. Fitting the X-ray diffraction data assuming the I4/mmm symmetry gave a = 3.8912 Å, c = 14.1390 Å for K 0. shows an onset T c of 30 K with a transition width of 3.5 K in the resistivity data. The magnetic susceptibility measurements showed almost 100% shielding fraction for both compounds, indicating the bulk superconducting nature and good quality of the crystals. The in-house ARPES measurements were performed with a SPECS UVLS discharge lamp (21.2 eV He-Iα light) and a Scienta R4000 electron analyser. The overall energy resolution was set to 9 or 12 meV, and the angular resolution was 0.3 • . The synchrotron ARPES experiments were performed at Beamline 7U of the UVSOR synchrotron facility, with a variable photon energy and MBS A-1 electron analyser. The overall energy resolution was 9-11 meV, and the angular resolution was 0.3 • . The sample was cleaved in situ, and measured under an ultra-high vacuum of 5 × 10 −11 torr. The actual chemical compositions were determined by energy dispersive X-ray (EDX) spectroscopy on the cleaved surface after the photoemission measurements, giving K : Fe : Se = 0.94 : 1.98 : 2 and Cs : Fe : Se = 0.92 : 1.99 : 2. For simplicity, the nominal compositions are referred to throughout the text. More details on the A 0.8 Fe 2 Se 2 (A = K,Cs) single crystals are available in the Supplementary Information.
